Introduction {#sec1}
============

Kawasaki disease (KD) is characterized as an acute systemic vascular disease that affects mostly medium sized and small vessels \[[@cit0001]\]. It is generally self-limited and the highest incidence occurs in children under five years of age. Multiple theories have been proposed for the pathophysiology of the condition but the etiology of KD remains poorly understood. Proper diagnosis based on clinical findings, proper investigations and follow-ups are important to treat and prevent associated complications of the disease.

History of Kawasaki disease {#sec2}
===========================

In January 1961, Dr. Tomisaku Kawasaki encountered his first case of Kawasaki disease \[[@cit0002]\]. A 4-year-old male patient presented with high fever for 2 weeks, bilateral conjunctival hyperemia, fissured, dried, reddish and bleeding lips, strawberry tongue, and diffuse erythema of the oral cavity and mucous membrane. The patient also had initial left then subsequent right cervical lymphadenopathy. Red palms and soles as well as polymorphous erythema were present all over his body. It was followed by membranous desquamation of the hands and feet over the next 2 weeks.

When the case was presented at the pediatric department meeting of the hospital, the differential diagnosis of atypical scarlet fever and milder forms of Steven-Johnson syndrome was suggested, but no proper diagnosis was confirmed on discharge. Dr. Kawasaki then encountered a second case a year later in 1962 in a 2-year-old male patient presenting with similar symptoms, and by October that year he had come across another 5 cases. He reported these 7 cases in a paper at the Chiba Prefecture Pediatric meeting; however there was no positive feedback at that time.

Over the next 5 years following the initial case, Dr. Kawasaki observed 50 cases with similar presentations, following which he published a paper entitled 'Acute febrile musculocutaneous lymph node syndrome: clinical observation of 50 cases' in the Japanese Journal of Allergy in 1967. His paper received proper recognition 35 years later from the western side of the world when Dr. Jane Burns from the University of California San Diego presented the paper in English in the Pediatric Infectious Diseases Journal. From 1970, Dr Kawasaki managed to obtain proper funding to study the disease and the initial diagnostic guidelines were established. The committee also came across cases resulting in death and the autopsy showed presence of coronary aneurysm. Coronary angiography was performed to confirm the presence of coronary aneurysm in some of the patients and the introduction of better 2D echocardiography in 1976 allowed better progress to be made in the field \[[@cit0003]\].

Epidemiology {#sec3}
============

Kawasaki disease has a universal distribution and has been found in children of different ethnicities worldwide. The prevalence of KD is higher in Asian countries such as Japan, where the annual incidence rate rose from 239.6 per 100 000 children in 2010 \[[@cit0004]\] to 264 per 100,000 children recently \[[@cit0005]\]. It has been reported that the incidence of KD had peaks in January and June/July and was lowest in October. The incidence of the disease was also at its peak in the US during winter as well as early spring \[[@cit0006]\]. There is also a higher risk among Korean and Taiwanese children, where 134 and 66, respectively, out of 100 000 children under 5 years of age have the disease \[[@cit0007], [@cit0008]\]. The prevalence is significantly lower in non-Asian countries; 8.39 per 100 000 children in England \[[@cit0009]\], and 9.34 per 100 000 children under 5 years in Australia \[[@cit0010]\].

Etiology and pathophysiology {#sec4}
============================

Multiple theories have been hypothesized for the etiology of KD. It is currently believed that there is a genetic predisposition to the development of KD and the interaction of an unknown infective cause can also predispose to KD \[[@cit0011]\].

Current evidence strongly suggests that genetic factors have a more important role in the occurrence of KD. Polymorphisms of the IgG receptor can increase the susceptibility of children to KD and increase the risk of developing coronary artery aneurysm. The higher prevalence of KD among Asian countries such as Japan, Korea and Taiwan compared to non-Asian countries also suggests a strong genetic susceptibility based on ethnicity. Japanese American children in Hawaii had a higher incidence rate of 210 per 100 000 compared to 13 per 100 000 in Caucasian American children living in the same area in Hawaii \[[@cit0012]\]. Various genome-wide association studies in KD have also been reported \[[@cit0013]--[@cit0017]\].

An infective cause was also suggested for the incidence of KD. The major epidemics of KD in Japan have shown origination in specific areas and peak incidence in specific months \[[@cit0018]\]. The acute onset of the disease mimics viral and bacterial infection patterns. In 2013 Jaggi *et al.* suggested that there could be a relationship between an infection with adenovirus and the onset of KD. Other studies have suggested that a virus could have been inhaled and later engulfed by tissue macrophages leading to activation of the innate immune response. Further activation of the adaptive immune responses can lead to antigen specific T lymphocytes and plasma cell activation. The presence of the infection in coronary tissue leads to secretion of multiple growth factors such as vascular endothelial growth factors, tumor necrosis factor-α (TNF-α), and metalloproteinase 9, leading to destruction of the intima, and fragmentation of the internal and external elastic lamina of the coronary artery. This results in the development of a coronary artery aneurysm \[[@cit0019]\] Furthermore, it has also been suggested that KD antibodies can identify intra-cytoplasmic inclusion bodies in tissues. Other studies have also reported several inclusion bodies corresponding to aggregates of viral RNA and proteins that are yet to be identified \[[@cit0020]\].

Diagnosis {#sec5}
=========

The diagnosis of KD relies mostly on clinical signs and symptoms. The criteria in the US require the presence of fever for at least 5 days along with four of five other clinical features listed in [Table I](#t0001){ref-type="table"}.

###### 

Diagnostic criteria for Kawasaki disease. Four of these five plus a fever of more than 5 days confirms the diagnosis of Kawasaki disease

  ----------------------- --------------------------------------------------------------------------------------------------------------------------------------------
  **Conjunctiva**         BilateralPainlessNonexudative
  **Lymphadenopathy**     Cervical, usually more than 1.5 cmMore commonly unilateral
  **Skin rash**           Commonly maculopapular
  **Extremity changes**   Acute phase: erythema and induration of hands and/or feetSubacute phase: periungual desquamation may follow
  **Mucosal changes**     Red, cracked lipsGlossitis with hyperplastic fungiform papillae seen as strawberry tongueDiffuse erythema of the oral mucosa or oropharynx
  ----------------------- --------------------------------------------------------------------------------------------------------------------------------------------

An algorithm was created by the American Heart Association (AHA) in 2004 to help identify patients at risk \[[@cit0021]\]. The statement suggests the use of supportive laboratory testing and echocardiography to help detect patients who are at risk and do not meet all the criteria for diagnosis. These were termed "incomplete" KD or "atypical" KD patients, but they are still at risk for developing KD. An Australian study suggested that this occurs in up to 9.6% of cases of KD \[[@cit0010]\]. Suggested laboratory testing included markers of inflammation, presence of anemia, leukocytosis, thrombocytosis, hypoalbuminemia, elevated liver enzymes and possible sterile pyuria. An echocardiogram can also help rule out the presence of any early coronary artery abnormalities or involvement.

The multiple differential diagnosis to rule out KD includes drug hypersensitivity, Stevens-Johnson syndrome, staphylococcal scalded skin syndrome, juvenile idiopathic arthritis, toxic shock syndrome, viral infection, and streptococcal scarlet fever \[[@cit0021]\].

Treatment {#sec6}
=========

Kawasaki disease is treated with intravenous immunoglobulin (IVIG) and high dose aspirin, although the use of aspirin in the management has been controversial in some studies \[[@cit0022]--[@cit0024]\]. A meta-analysis showed that the use of corticosteroids with IVIG as initial treatment has a better effect on reducing the risk of coronary artery abnormalities compared to the use of IVIG only \[[@cit0025]\]. It is highly recommended to start the treatment immediately if the patient meets the clinical criteria for KD.

The IVIG can prevent the development of coronary artery aneurysms. The use and dose of IVIG have been supported by multiple randomized controlled trials \[[@cit0026]--[@cit0028]\]. It has a dose-dependent effect; a single dose of 2 g/kg is administered within 10 days of illness or later if the patient has signs of inflammation, persistent fever or aneurysm on echocardiography. It can lower the risk of giant aneurysm to 1% and coronary artery aneurysms from 25% to less than 5% \[[@cit0021], [@cit0022]\]. The IVIG can influence the T cell activity and reduce the synthesis of antibodies and cytokines causing the symptoms of KD \[[@cit0021], [@cit0029]--[@cit0032]\].

Aspirin is believed to modify the inflammatory state present in KD and prevent the risk of thrombosis. Some studies have however questioned the impact of aspirin use in KD to prevent the development of coronary aneurysm \[[@cit0021], [@cit0022], [@cit0024], [@cit0033]\]. The AHA recommends administration of a high dose of aspirin of 80 to 100 mg/day divided into 4 doses until the patient is afebrile for 48 to 72 h. The dose is then reduced to 3 to 5 mg/kg/day as a single dose for 6 to 8 weeks after the onset of the disease. It is also recommended to continue the use of aspirin if there are any persisting coronary abnormalities \[[@cit0021], [@cit0024]\]. Children on long courses of aspirin are recommended to receive the influenza vaccine to prevent the risk of Reye syndrome.

If the patient does not respond to the initial therapy, a second infusion of IVIG at 2 g/kg is administered. Kobayashi *et al.* conducted a retrospective study in 2013 and found that the use of corticosteroids along with IVIG for patients with refractory KD showed better improvement and also lowered the risk of coronary aneurysms \[[@cit0034]\]. The AHA has also suggested the use of TNF-α antagonists in patients who do not respond to IVIG. The use of infliximab had faster resolution compared to IVIG retreatment in some studies, while other studies have shown that the use of infliximab helped decrease the duration of fever but did not provide an improvement in treatment over IVIG and aspirin when used alone \[[@cit0035]\]. Patients with refractory KD and mild to moderate aneurysm can be treated with aspirin alone or along with antiplatelet agents. Larger aneurysms can be treated with heparin and warfarin as required \[[@cit0021]\].

Other possible treatment options that have been proposed include the use of cyclosporine A and methotrexate. Cyclosporine A is a calcineurin inhibitor that targets the Ca^2+^/NFAT signaling pathway. It leads to a decrease in inflammatory response \[[@cit0013], [@cit0036]\]. It has been used as a third line of treatment in some cases of KD in Japan \[[@cit0037], [@cit0038]\]. Methotrexate can lead to the accumulation of polyglutamate metabolites in the cells \[[@cit0039]\]. Since the mechanism of action and its role in KD are not fully understood, the AHA does not have any recommendations for its use in KD \[[@cit0040]\].

Prognostic factors {#sec7}
==================

Some prognostic factors for the development of coronary aneurysm in KD patients identified in some studies that involved Japanese children are male sex, C-reactive protein (CRP) \> 200 mg/dl, age less than 12 months old or more than 8 years old, albumin \< 35 g/l, platelet count \< 35 × 10^4^/mm^3^, delay of initiation of IVIG, lower dose of IVIG and recurrent KD \[[@cit0041], [@cit0042]\]. One study suggested a score system to identify patients at risk of IVIG resistance as shown in [Table II](#t0002){ref-type="table"}. A combined score of 0 to 3 predicted a low risk while a score of more than 4 suggested a higher risk of having resistance to IVIG therapy \[[@cit0043], [@cit0044]\].

###### 

Predicting the risk of intravenous immunoglobulin (IVIG) resistance in Kawasaki disease

  Parameter                                      Cut-off value          Point
  ---------------------------------------------- ---------------------- -------
  Sodium                                         ≤ 133 mmol/l           2
  Aspartate aminotransferase                     ≥ 100 IU/l             2
  C-reactive protein                             ≥ 10 mg/dl             1
  Neutrophils                                    ≥ 80%                  2
  Platelet count                                 ≤ 30.0 × 10^4^/mm^3^   1
  Duration of illness before initial treatment   ≤ 4 days               2
  Age                                            ≤ 12 months old        1

Long-term follow-up {#sec8}
===================

The AHA recommends a baseline echocardiography examination during the acute phase of the illness. Repeated echocardiography is also recommended at week 2 and weeks 6--8 after the illness \[[@cit0021]\]. If there is evidence of higher risk factors or poor recovery, more frequent imaging is recommended.

The AHA also advised that patients who are at low risk and with no detectable coronary abnormalities should be followed for at least 10 to 20 years after being diagnosed with KD, even in the absence of any abnormalities. For moderate-risk patients if there is regression of the aneurysm at weeks 6 to 8, they can be treated as low-risk patients. Regular cardiac assessments every 3 to 5 years are recommended. High-risk patients have a higher likelihood of having progression to coronary artery stenosis. The long-term use of anti-platelet therapy and warfarin or heparin is strongly recommended. β-Blockers can be added to decrease the myocardial oxygen demand. A thorough cardiac examination, electrocardiogram and echocardiogram should be performed at least twice a year. It is also advised to do a yearly stress test and perfusion study. Patients should be advised to limit physical activities based on their conditions and their risks of bleeding. More invasive tests such as angiography can be performed as needed per case \[[@cit0045]\].

Conclusions {#sec9}
===========

While Kawasaki disease remains a poorly understood condition, it can be managed with proper treatment and follow-up. A rapid diagnosis and treatment can immensely help improve the prognosis and lower the associated complications of KD. Recent advances in the treatment and detection of KD such as the discovery of NT-proBNP as a biomarker for early detection of the disease show a promising future to combat KD. More expert consensus along with multiple published clinical experiences will continue to help in guiding the proper management of KD.
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